sives were well matched to those not taking antihypertenAmbulatory BP values were never recorded over the sives except those taking no medications were on average weekend. Data were analyzed using ABP Report Man-10 kg heavier. The etiologies of end-stage renal disease agement System software, version 1.03.05 (SpaceLabs (ESRD) were hypertension in 29 (41%), diabetes melliMedical Inc.). Ambulatory BP and heart rates were avertus in 24 (34%), glomerulonephritis in 11 (16%), adult aged over the entire course of recording, as well as sepapolycystic kidney disease in 2 (3%), and other causes in rately during the day and during the night. BP thresholds the remaining 4 (6%) patients. Of the 40 patients who were 135/85 mm Hg; that is, average recordings at or were receiving antihypertensive agents 15 (38%) were over these levels were classified as hypertension [15] .
on dihydropyridine calcium-channel blockers, 5 (13%) on non-dihydropyridine calcium-channel blockers, 27 Analysis (68%) on ␤ blockers, 5 (13%) on ␣ blockers, 9 (23%) on The distribution of study variables was examined with clonidine, 13 (33%) on angiotensin-converting enzyme standard exploratory analytical techniques for indepen-(ACE) inhibitors, 2 (5%) on angiotensin II receptor dent subjects. Predialysis and post-dialysis BPs were avantagonists, and 3 (8%) on minoxidil. eraged over the two weeks of study and used to predict Based on ambulatory BP monitoring, systolic hyperhypertension as defined in the last section by ambulatory tension was present in 51 patients (73%), diastolic hyper-BP recordings over 44 hours. Mean Ϯ SD are presented tension in 28 (40%), and overall hypertension in 53 (76%). throughout. The mean difference (bias) and the limits Isolated diastolic hypertension was seen in only 3% of of agreement (Ϯ2 SD) between ambulatory BP and prethe patients (Fig. 1) . In patients taking no antihypertendialysis and post-dialysis BP were calculated using sives, systolic hypertension was present in 15 (50%), Bland-Altman plots [16] . diastolic hypertension in 7 (23%), and overall hypertenSensitivity and specificity of predialysis and post-dialsion in 16 (53%). In patients taking antihypertensives, ysis SBP and DBP were calculated for various cut-off systolic hypertension was present in 36 (90%), diastolic BP values to generate receiver-operating characteristic hypertension in 21 (53%), and overall hypertension in (ROC) curves, including area under the curve (AUC) 37 (93%). Thus, the proportion of patients who had hyperand their 95% confidence intervals (CI) using SPSS Softtension was significantly higher in those taking antihyperware version 10.0.7 (SPSS Inc., Chicago, IL, USA). Lotensive compared with those who were not (P Ͻ 0.001 gistic regression was performed with presence or absence for overall and systolic BP, P ϭ 0.014 for diastolic BP). of hypertension on ABPM as the dependent variable Details of day and night BP and routine dialysis unit and predialysis and post-dialysis systolic and diastolic BPs are presented in Table 2 . Average time of recordings BP values as univariate variables. The model was fitted was 39 Ϯ 10 hours and number of BP measurements by the least-squares method, using a combination of Ro-87 Ϯ 30. When data were analyzed after stratification senbrock and Quasi-Newton convergence. Residual for antihypertensive drug use, there was a higher BP analysis was carried out to assure normal distribution of but slower pulse rate in those patients who were taking residuals. The P values are two sided and are taken antihypertensive agents. Overall, there was no statistical to be significant at 0.05. The statistical analyses were change in systolic BP from day to night. There was a conducted with Statistica for Windows, Release 5.5 (StatSoft, Inc., Tulsa, OK, USA).
small but significant drop at night in diastolic BP of 2.5 Ϯ 5.9 mm Hg (P Ͻ 0.001) and heart rate 2.9 Ϯ 5.5 bpm mm Hg). Post-dialysis BPs were not biased, but had as (P ϭ 0.001). However, when antihypertensive drug use wide limits of agreement as the predialysis BPs. was accounted for, there was a greater magnitude of Table 4 shows the results of the logistic regression analydrop in night systolic BP and night heart rate when pasis. Again, in univariate tests, each of the dialysis unit BPs tients were not taking antihypertensive drugs. Thus, paemerged as significant predictors of hypertension. Based tients taking antihypertensives were challenged with a on the logistic coefficients, the likelihood of hypertension higher pressure stress both during day and night.
for various cut-off BPs is shown in Table 5 . Figure 2 shows the ROC analysis, and Table 3 shows the sensitivities (true positive rates) and 1 Ϫ specificities DISCUSSION (false positive rates) of dialysis unit BPs. Data shown
There is an absence of universally accepted criteria are missing three patients because simultaneous HD unit for the diagnosis of hypertension in HD patients. This BPs were not available for analysis. As can be seen in stems from the large change in BP from pre-HD to post- Table 3 , the area under the curve of the ROC curve was HD, which makes it hard to predict the usual BP in these greater than 0.80 for all BPs. However, the BPs used to patients. To circumvent this problem, we used 44-hour define these cut-offs were markedly different between interdialytic ambulatory BP monitoring as a gold stanthe predialysis and post-dialysis BP values. Systolic BPs dard to predict hypertension in HD. Our study found a associated with Ͼ80% sensitivity in diagnosing systolic high prevalence of untreated hypertension and an even hypertension were Ͼ150 mm Hg predialysis but only higher prevalence of uncontrolled hypertension in the Ͼ130 mm Hg post-dialysis. Systolic BPs associated with HD population, similar to earlier studies [4, 5, 17]. The Ͼ80% specificity were 10 mm Hg higher, respectively.
Core Indicators Project reported a 53%/17% prevalence Similarly, diastolic BPs associated with Ͼ80% sensitivity of systolic/diastolic hypertension using a cut-off of 150/90 in diagnosing diastolic hypertension were 85 and 75 mm Hg [18] . Using the same analysis for our data, that mm Hg predialysis and post-dialysis, respectively. Diais, using the same cut-off and predialysis BP values, we stolic BP values associated with Ͼ80% specificity were obtained a prevalence of 67%/39%, which although 5 mm Hg higher, respectively.
higher than seen in the Core Indicators Project, is very The Bland-Altman analysis is shown in Figure 3 . The similar to the 73%/40% prevalence seen by ambulatory average of the BPs is plotted against the difference and BP monitoring. Thus, our findings support the use of the average difference (bias, shown by the horizontal such cut-off values. solid line) and the limits of agreement (Ϯ2 SD, shown Our data show that isolated diastolic hypertension is by the horizontal broken line) calculated. The predialysis uncommon. Systolic hypertension is very common and, BPs were significantly biased. The mean difference bedespite use of two antihypertensive agents, on average, tween predialysis SBP and ambulatory SBP was 13.5 is uncontrolled in the large majority of patients on drug mm Hg (95% CI, 9.3, 17.7 mm Hg), while the predialysis DBP difference was 3.8 mm Hg (95% CI, 1.5, 6.0 therapy. Our results are concordant with the report of . We used the ROC analysis to plot the true positive rate against the false positive rate. A worthless test would fall along the diagonal line; that is, the false positive rate would increase with a true positive rate. An ideal test would have 100% sensitivity and 100% specificity (or 0% 1 Ϫ Sensitivity) for a given result. Area under the curve of ROC curves of 80% or more for any BP strongly supports the observations of Mailloux and Levey that "all blood pressures are important" [8] . However, it is important to bear in mind that the cut-off values to diagnose hypertension in HD patients were different for predialysis and postdialysis BPs. Thus, predialysis BP values that were sensitive or specific in diagnosing hypertension were at least 20 mm Hg higher for post-dialysis systolic BPs and 10 mm Hg higher for diastolic BPs.
Our data show that pre-HD BP values were biased estimates of ABP, in that they consistently overestimated ABP. This may be due to several reasons, for example, the volume overload that occurs during the intervening inter-dialysis interval and then the rapid rise in BP that occurs just prior to dialysis [11, 13] . In contrast, post-HD BPs were not biased. Although the ROC analysis demonstrated an excellent performance of all BPs, the Bland-Altman analysis, which is an analysis of agreement, showed that there was poor agreement between ambulatory BPs and HD unit BPs. The limits of agreement (2 SD) were approximately 35 and 20 mm Hg for systolic and diastolic BPs regardless of predialysis or postdialysis times. We interpret our data to mean that, although HD unit BPs can be used to detect the presence or absence of hypertension, the overall BP is difficult to predict reliably in a given patient.
Dipping was impaired in those patients receiving antihypertensive drugs. Non-dipping has long being recognized in the HD population [8, 11] and in our study was more pronounced in those on antihypertensive drugs compared to those on no antihypertensives. The cause for non-dipping is unclear and may be related to sympathetic activation, volume overload, increased arterial wall stiffness [19] , or a combination of these factors. Our results are consistent with observations of Kooman et al, who found that a nocturnal dip was inversely related to indicates a hypothetical test with no predictive value. The area under the curve (AUC) for each of the curves was at least 80%. Sensitivities and specificities for each BP value and the AUCs are shown in Table 3 . Given the previously mentioned findings, the obvious a 17/11 mm Hg fall in ambulatory BP with supervised atenolol therapy also demonstrated a concomitant imquestion that emerges is as follows: Can HD-unit BPs be used to make patient management decisions? In many provement in HD-unit predialysis BP [20] . Whether smaller changes in BP will be detectable with HD-unit respects, HD-unit BP values are to ABP monitoring as serum creatinine concentration is to glomerular filtration BP monitoring is debatable but doubtful. The goal of treatment of hypertension is to reduce rate (GFR). Just like an elevated serum creatinine indicates an impaired GFR but cannot accurately predict the cardiovascular morbidity and mortality. Recently, substantial controversy has been generated from studies in GFR, using HD-unit BP can indicate the presence or absence of hypertension but cannot accurately predict the hemodialysis patients that suggest that higher systolic blood pressures are associated with better survival [21] . ambulatory BP. A change in serum creatinine concentration indicates a change in GFR, although the GFR may Zager et al followed 5433 hemodialysis patients over a mean duration of 2.6 Ϯ 1.5 years to discover the associachange without a detectable change in serum creatinine. Although this was not a subject of study in our present tion between baseline BP and subsequent outcomes [21] . They reported that the average BP over the first 90 days analysis, changes in HD-unit BP can reflect changes in ambulatory BP. For example, our earlier study that showed of dialysis (fixed covariate) predicted a 64% higher death Pre/Post-SBP was used to diagnose systolic hypertension and Pre/Post-DBP was used to diagnose diastolic hypertension.
rate from all causes in 93 patients with a predialysis systolic BP of Ͻ110 mm Hg. These patients had a fourfold increase in risk ratio of cardiovascular death versus Some guidelines may be generated based on our data. may need to be given greater importance [21, 23] . sive medications. HD unit BP measurements, both be-
